SUMMARY Central motor and sensory conduction was studied by percutaneous electrical stimulation of brain and spinal cord and by somatosensory evoked potential techniques respectively, in patients with adrenoleukomyeloneuropathy, cerebrotendinous xanthomatosis, human T-cell lymphotropic virus-1-associated myelopathy and tabes dorsalis. The results were all consistent with clinical and neuropathological findings in these disorders. Conductions in the corticospinal tract and posterior column could be evaluated separately with these two techniques. Percutaneous electrical stimulation technique would be useful for investigating conduction in the corticospinal tract in patients with spinal cord disorders. 
The recently developed techniques of percutaneous electrical stimulation of the brain and spinal cord' 2 have allowed measurements to be made of central motor conduction in conscious human subjects. The normal values of central motor conduction times have been established,`6 and delays have been demonstrated in multiple sclerosis,7 8 motor neuron disease9-1 and cerebrovascular disease.11 12 A few myelopathic disorders have been studied with this method, too.13 14 In this study, we have measured conduction in both central miotor pathways and central sensory pathways using this technique and conventional evoked potential techniques in patients with adrenoleukomyeloneuropathy (ALMN), cerebrotendinous xanthomatosis (CTX), human T-cell lymphotropic virus 1 (HTLV-l)-associated myelopathy (HAM) and tabes dorsalis. The electrophysiological results suggest differential involvement of central sensory and motor pathways in a manner compatible with clinical and pathological findings in these disorders.
Subjects
Two patients with ALMN, four with CTX, four with HAM and one with tabes dorsalis were studied.
The two patients with ALMN had spastic paraparesis, mild deep sensory disturbances, difficulty in urination, decreased visual acuity and skin pigmentation. Patient 2 showed clinical signs of peripheral neuropathy, such as sensory disturbance of the glove-stocking type. Laboratory investigations disclosed adrenal insufficiency and elevation of very long chain fatty acid in both of them.
The four patients with CTX showed cerebellar symptoms, pyramidal tract signs, deep sensory disturbances, mental deterioration and characteristic swelling of the Achilles tendons. All of them had an increased cholestanol content in the blood and an excretion of abnormal bile alcohols in the urine.
The four patients with HAM suffered from spastic paraparesis. Their deep tendon reflexes of the lower extremities were hyperactive and plantar responses were extensor. They had mild deep sensory disturbances (patient 7-9) or no sensory disturbance (patient 10). We diagnosed all of these patients as HAM first described by Osame et alls because of the highly positive anti-HTLV-l antibody titres in both the serum and cerebrospinal fluid (CSF). All patients showed some improvement with predonisolone.
A 72-year-old man (patient 11) showed ataxic gait due to the disturbances of deep sensation and suffered from gastric crisis. He Patients with a history of convulsive seizures or cardiac disease were specifically excluded from the study.
Methods
Conduction in central sensory pathway was studied using somatosensory evoked potentials (SEPs). For the upper limb SEPs, the median nerve was stimulated at the wrist. Recordings were made from the ipsilateral Erb's point, the seventh and second cervical spinous process (CV7 and CV2, respectively) and the contralateral hand somatosensory area (7 cm Conduction in the central motor pathway was studied using percutaneous electrical stimulation of the brain and spinal cord, details of which have already been described.4 -6 Motor action potentials of the limb muscles were recorded during cortical, cervical and lumbar stimulations by a specially constructed low-output impedance stimulator. To activate muscles in the arm, the anode was placed 7 cm laterally on a line from the vertex to the external auditory meatus and the cathode 5 cm anterior to the anode. For muscles in the leg, the anode was placed at the vertex and the cathode 5 cm anterior to the anode. For cervical stimulation, the anode was applied over the fifth cervical (C5) spinous process and the cathode over the C7 spinous process. For lumbar stimulation, the anode and the cathode were applied over the twelfth thoracic (T12) and the first lumbar (LI) spinous processes, respectively. In all recordings, the stimulation voltage was increased until a response of maximal amplitude was obtained. Patients were instructed to relax as fully as possible during the procedure. Recordings were made with surface electrodes in pairs about 5 cm apart over the muscle of interest. Compound muscle action potentials were recorded from the extensor carpi radialis (ECR) and thenar muscles in both arms and from the quadriceps femoris (Quad) and tibialis anterior (TA) muscles in both legs. In two patients with ALMN, the CSCTs of median nerve SEPs were prolonged, although those of the N1 3 component were normal. The lumbar potential was normal in patient I and was absent in patient 2, and the cortical components of posterior tibial nerve SEPs were absent in both of them. For both upper and lower limb muscles, the Lsps were normal in patient I and prolonged in patient 2, and CMCTs showed some abnormalities in both of them (fig 1) . In patient 1, the motor and sensory nerve conduction velocities were normal. In patient 2, the right median nerve motor and sensory conduction velocities (MCV and SCV) between the elbow and the wrist were normal In all patients with CTX, the cervical component was normal (fig 3) . The CMCTs to all upper and lower limb muscles were normal. Both central motor and sensory conduction were abnormal in both patients with ALMN. These results were consistent with the neuropathological findings of ALMN. Neuropathological studies demonstrated diffuse involvement of the white matter in the brain and spinal cord; both the tract of deep sensation and the corticospinal tract were damaged. The absence of lumbar sensory potential and prolongation of the Lsps in patient 2 were probably due to the involvement of peripheral nerves. Prolongation of conduction time along a short segment of motor roots may cause an increase in CMCT in some patients with neuropathy. 17 However, judging from the motor conduction velocities of the peripheral nerves and the degrees of prolongation of Lsp or CMCT, we concluded that the conduction in the corticospinal tract was abnormal in this patient.
In patients with CTX, peripheral conduction was normal although both central motor and sensory conductions frequently were involved. The results were consistent with clinical findings and also with neuropathological observation that there is demyelination of both the corticospinal tract and posterior column. 8 The fact that some abnormalities of central motor and sensory conduction were more frequent in the lower-limbs than in the upper-limbs also was consistent with the neuropathological findings of a distal axonal degeneration. '8 In one of four patients with HAM, the CSCT of the posterior tibial nerve SEP was longer than normal. In all of them, central motor conduction to the lowerlimb muscles was abnormal, although that to the upper-limb muscles was normal. The motor roots might be mildly involved in some patients with HAM.'9 Since these mild involvements would not cause the severe abnormalities in the central motor conduction demonstrated in our patients, our results suggested that the corticospinal tract was involved in the patients with HAM. This disease was thought to be a kind of myelopathy with prominent corticospinal tract signs and mild sensory disturbance. 5 The electrophysiological results were consistent with these clinical features in this disorder. The fact that central motor conduction was abnormal only in the leg is further evidence that the spinal cord is involved in this disease.
In a patient with tabes dorsalis, the posterior tibial nerve SEP was markedly abnormal, whereas central motor conduction was normal in all of the upper and lower limb muscles. These results were consistent with the neuropathological observations that the corticospinal tract was intact despite severely degenerated posterior columns in tabes dorsalis. 20 The result that the median nerve SEP was normal in spite of abnormal posterior tibial nerve SEP was compatible with the clinical feature that he had more severe deep sensory disturbances in the lower extremities than in the upper extremities and also consistent with the neuropathological findings that the posterior columns from the cervical segments were more mildly degenerated than those from the lumbar segments. In this patient, the lumbar potential could not be recorded although both the sensory conduction velocity and the amplitude of the sensory nerve action potential were normal in the sural nerve. The absence of lumbar potential was also consistent with the neuropathological findings that the dorsal roots were severely degenerated as well as the dorsal columns in tabes dorsalis,20 -22 because the lumbar potential was thought to be generated in the root entry zone of the spinal cord. 16 The technique of percutaneous electrical stimulation of central motor pathway has been applied clinically to a few kinds of spinal cord diseases, such as radiation myelopathy 3 and cervical spondylosis. 4 In this report, we confirm the usefulness of this technique in the diagnosis of patients with various spinal cord diseases. We stress here that the lower-limb muscles have to be studied in patients with spinal cord diseases, as in motor neuron disease.1'
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